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SECTION I 

SUMMARY 

Thirteen noise samples (covering a 6-month period) were used 

to study the time and space variability of the LASA noise field.    For every 

noise sample, power spectra were computed for both the output of seismometer 

21 and the output of the multichannel filter system (which was applied to the 

noise data) at each subarray.    Finally, ratios of the individual spectra to the 

average spectrum were obtained for each noise sample. 

All seismometers in a subarray were at a depth of 200 ft,  ex- 

cept seismometer 10 (the center seismometer) which was at 500 ft.    The noise 

level on seismometer 10 above 1,5 cps was found to be significantly lower 

than the noise levels on the other seismometers.    Thus,   seismometer 21 (at 

a depth of 200 ft and near the center of each subarray) wai< chosen to represent 

the noise level at each subarray. 

At the 0. 2- to 0. 3-cps microseismic peak,  results were con- 

sistent for the 13 samples.    Subarrays E4,   F3, and F4 — located on the 

western edge of LASA in the vicinity of the Porcupine Dome — were signifi- 

cantly quieter sites than the average.    It appears that the dome and its as- 

sociated complex geology significantly attenuated the low-frequency micro- 

seismic energy.    Subarrays Dl,  El, and Fl,  which are in the northeast sector 

of LASA, were significantly noisier sites than the average.    No explanation 

for their higher noise levels is known. 

Variations in the peak power levels were highly correlated over 

all of the LASA, which implies a common source for most of the energy at 

0. 2 to 0.3 cps.    This observation is consistent with the theory that large 

storms at sea are the major source of low-frequency microseismic energy. 

Above approximately 1.5 cps, power levels varied considerably 

from subarray to subarray as well as from noise sample to noise sample.   Thus, 

most of the energy above 1. 5 cps appeared to be nontime stationary and gen- 

erated in the vicinity of a subarray. 
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SECTICT   II 

INTRODUCTION 

A.    PROCESSING 

This report discusses the space and time variability of short-period 

seismic noise over the Montana Large-Aperture Seismic Array (LASA).    Thirteen 

noise samples were used in the analysis (Table II-l).    Each subarra/ of each 

noise sample was processed with the theoretical multichannel filter (MCF) 

described in Special Report No.  3. ^   The MCF was designed using a disk sig- 

nal model with an 11-km/sec edge velocity and a 2- to 6-km/sec noise annulus 

and exhibited good wavenumber response down to 0. 2 cps.    Power spectra of 

the noise out of the MCF and of Ihe noise on seismometer 21 were computed 

for each subarray.    Figure II-l shows typical spectra which were obtained; 

the sharp peak at 0. 2 to 0.3 cps was the dominant characteristic on all spectra. 

Table II-l 

NOISE SAMPLES USED IN THE ANALYSIS 

Noise Time Unprocessed 
Sample Type Date (GMT) Suba .rrays 

1 Day noise 10/29/65 21:01:02.6-21:06:48.5 D3, £1 
2 Day noise 11/4/65 00:42:00.0-00:48:00.0 ci, C2 
3 Noise and 

Aleutian event 
11/10/65 04:02:56.9-04:08:40.8 Bl. E2,   F3 

4 Night noise 11/13/65 02:05:00.0-02:11:00.0 A0, C2,   F3 
5 
6 

Night noise 
Night noise 

11/25/65 
12/04/65 

01:00:00.0-01:05:00.0 
02:13:00.0-02:19:00.0 A0, F3 

7 Night noise 12/04/65 03:07:00. 0-05;12:00.0 F3 
8 Day noise 12/21/65 08:41:00.0-08:46:00.0 Dl 
9 Night noise 1/22/66 06:57:00.0-07:05:00.0 Fl 

10 Noise and 
Greece event 

2/5/66 03:02:55.4-03:11:06.3 Fl 

11 Day noise 4/8/66 05:18:09.3-05:26:09.0 Bl, Cl 
12 Noise and 

Panama event 
4/15/66 06:44:08. 1-06:52:08.0 Bl. F3,   F4 

13 Day noise 4/29/66 09:26:17.9-09:31:06.8 Fl 

II-l science services division 
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B.    COMPARISON OF NOISE LEVELS ON SEISMOMETERS AT DEPTHS OF 
500 AND 200 FT 

In choosing a single sei&morn  cer to represent the noise level 

at a subarray,  one usually uses the centei seismometir.    At LASA, the cen- 

ter seismometer is 500 ft below ground level, whereas the other seismometers 

are only 200 ft deep.    To determine whether there was any difference in noise 

level at the two depths, the spectra for seismometer 21 and seismometer 

10 (the center seismometer) at each subarray were computed for one noise 

sample.    Spectral ratios of seismometer 10/seismometer 21 were calculated, 

and the average ratio was computed.    Figure II-2 shows the average ratio and 

several of the individual ratios.    On the average, between 0 and 1 cps,  the 

two seismometers had the same noise level; between 1 and 2 cps, the ratio 

decreased to about -4 db; between 2 and 4. 5 cps, the ratio was approximately 

a constant -4 db.    Individual ratios generally had similar shapes, although 

they varied from roughly no decrease to as much as a 10-db decrease above 

2 cps.    Thus, above 2 cps, the noise level at 500 ft generally was significantly 

Tower than that at 200 ft.   Since all seismometers except the center one were at 

200 ft,  seismometer 21 rather than seismometer 10 was chosen to represent 

the noise level at each subarray. 

II-3 science servicas division 
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Figure II-2.    Seismometer lO/Seismometer 21 Spectra Ratios 
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SECTION UI 

SPACE VARIABILITY OF LASA NOISE 

To study the space variability of the LASA noise field,   the 

seismometer-21 and MCF power spectra were averaged (using all subarrays) 

for each noise sample,  and spectral ratios of (seismometer 21)/(average 

seismometer 21) and (MCF)/(average MCF) were computed.    Because the 

spectra had been converted to decibels,   the average spectra were geometric 

rather than arithmetic averages; i.e. ,  the average spectra were obtained by 

computing 

  N 
p(f)(db) = 4 2  loiog^p.u) 

i = l 

which can be written 

P(f) (db)  =   10 log10 

where the expression in braces is the geometric average of the N power spectra. 

Figures lU-l through III-13 show both the (seismometer 21)/ 

(average seismometer 21) and (MCF)/(average MCF) spectral ratios for the 

13 noise samples.    In general,  the two ratios are about the same at each sub- 

array.    The differences that occur are usually at frequencies above 1.5 cps 

(e.g. ,  subarray E2,  Figure III-5; subarray El,  Figure III-6; and subarray Bl, 

Figure III-10) and are probably due to an anomalously low (or high) noise level 

on seismometer 21 for that subarray. 

] 
N N n p.d) 

Li=l i 
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Table III-l lists the noise level for each subarray at the 

microseismic peak for all noise samples and shows that 

• Subarrays E4,   F3, and F4 were generally 
low (i.e. , more than 3 db below the average 
spectrum" 

• Subarrays D2, D4, E3, and F2 tended to be 
low 

• Subarrays Dl,  El, and Fl were generally 
high (i. e. ,  more than 3 db above the average 
spectrum) 

• Subarrays B2,  C3,  and C4 tended to be high 

• The remaining nine subarrays were gen- 
erally close to average 

Because of the peaked nature of the noise spectrum, the sub- 

arrays which are low at the microseismic peak art; "quiet" sites in terms of 

total noise power; conversely,  the high subarrays are noisy sites.    Figure 

III-14 shows that the three quiet subarrays are located on the western edge 

of LASA.    E4, which is the quietest, lies directly over the Porcupine Dome, 

and F3 and F4 are on its flanks.    Apparently, this large feature and associated 

complex geology attenuate the low-frequency microseismic energy.    On the 

other hand, the noisy subarrays are located in the northeast sector of LASA 

where variations in crustal structure are much less severe.    No explanation 

for the noisy characteristics of these subarrays is known. 

Between the microseismic peak and about 1. 5 cps, noise levels 

varied both from subarray to subarray and from noise sample to noise sample. 

Other studies have shown thai a substantial amount of the noise in this fre- 
2 

quency band is high velocity,     so one might expect consistent spectral ratios 
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from noise sample to nojse sample (as was observed at the microseismic 

peak).    However,  the source of energy at the microseismic peak was con- 

sistently to the northeasts    but the source of energy between the microseis- 

mic peak and 1. 5 cps appeared to vary.    It has been shown that subarray 

signal amplitudes are dependent on the location of the event.      Thus, the 

variation in source location is a possible explanation of the difference in 

power levels from noise sample to noise sample in the 0.3- to 1. 5-cps fre- 

quency band.    Also,  the effect of local crustal structure on the shorter wave- 

length energy may be partially responsible for thf» varying noise levels. 

At frequencies above 1. 5 cps, noise levels varied considerably 

from subarray to subarray and did not show the consistency from noise sample 

to noise sample as was observed at the microseismic peak.    Table III-2 lists 

characteristics of the spectral ratios at each subarray which were observed 

on some (but not all) of the noise samples.    There appeared to be no highs or 

lows common to a set of subarrays implying that, above 1. 5 cps,  the noise 

at a subarray was generated in the vicinity of a subarray. 
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Table 111-2 

CHARACTERISTICS rp SUBARRAY SPECTRA '• 
ABOVE MICROSEISMIC PEAK 

Spectral Characteristics 
Subarray Seen on Some Noise Samples 

AO                                       High between 2 and 3 cps 

Bl   

B2 

C4 

D3 

F2 

B3 Slightly low above 2 cps 

B4   

Cl Small peak at approximately 2. 5 cps 

C2 Close to average above 0. 5 cps 

C3 Low above 2 cps 

Dl Close to average above 0. 5 cps 

D2 Large peak between 1 and 2 cps 

D4 Several sharp peaks between 3 and 5 cps 

El Peak at approximately 2. 5 cps 

E2 Close to average above 0. 5 cps 

E3 Lows at approximately 1. 5 and 2. 5 cps 

E4 Lows at 1. 5 and 2. 5 cps 

El High between 2 and 4 cps 

F3 Low at approximately 3. 0 cps 

F4 Large peak at approximately 3. 0 cps 

. 
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I 

UJ 

I 

bL _ 
O  (M 

S8 

•   1 

I I 1—I 1—1_ ^    I    I    i    i    i    i    r    t    ■   '    ■   ' I I I i I I I I I i—i—J—i I—'—i—I—f—I—I—I—I—|—'—*—I '—I—i— Äs:«aa--"-,T'»Ta      aBsiioM»-",»T?Tn      Äsaaa-*-*"T'PT»      aaa 

(W) OliVM lV)U33dS 

f 
ä 
—4 

u 
0) 

■u 
0) 

a 
o 
a 
n 

'r* 
V 

W 

j 

•a 

u 
V 

w 
V 
M 
«5 

J 
l 
O *-> 
I 

g 
I 
c 

v 

I 
IU-6 science set-vises division 

D 
11 

H 

0 

D 

Q 

Q 

Q 

0 

0 

Q 

0 

D 

Ü 

0 
0 

D 

Ö 
0 



I 
fl 

0 

Ü 

0 
D 

D 
fl 

I 

<s> 

i 

o Si 

P 

. 

»    S   ■   S   Et   •    • 

OP) OI1V« 1V»13M$ 
rtiiH tii4 i-i-i, 

a 
E I n 
V 

0 
2 

3 a 

Ü 

C 
m 

(M 

hi 

E 
in 

V 
CO 

1 
to 

0 • -' 

s 
I 
w 
V I 
hi 

I 
I 
o 

I 

5 

I 
m-7 sol«no» ••rvices division 



o ü 

P 

•     1 

IlilMMMMI   ttttartt+ttti   ^<tii*<**>*M   A" •   T   T   »   ■ 
i-1   i—l—l—11    '—l—l—I—-l—l 

CO 

ni 
in 
v 
in 

■IH 
O 

I 

U 

O 

s 
V 
w 

o 

« 
O 
♦* 

£ 
nt 
h 

u 
a. w 
a> 
äo 
Rt 
M 

i 
■ 
o 
i 

i 
I 
•l-l 

I 
CO 

i 

| 
DO 

m-8 sol« 

0 
I 
I 
I 
I 
I 
B 
0 
B 
B 
B 
B 
B 
B 
I 
0 
B 
0 
« 

ü 



m*mmL. 

0 
D 
II 
11 
(1 
0 
D 
0 
0 

ü 

,1 u 

B 
0 

C/J 

U. 

5 CO 

-J I I 1 I 1_ 
TtTa      a  K a a a 

(qp) ouva iv«i33ds 
fta       SKasa** 

CO 

tn 
• r-l 
C 
2 

3 
a 
I 
0 

u 
* 

1 
«I 

i-H 
M 
h 
0) 
JJ 
V 

6 
I 
to 

•rt 
V 

to 

O 

n> 
u 
U 
4) 
O. 

CO 

V 

flt 

3 
I 
t-H 

GO 

J III-9 science services division 



___ ___________ 

CO 

I 

o 
O  CVJ 
2 V) 

1 1—1 1 1 L—i I I I I l_ 
fTa      aanaa 

IIP) 011V» 1VaiD3dS 

IT, 

0 
i 
fl 

• H 
0 

SK fl 

1 11 1 
u .; 
s 
T3 
C ii 

(M 

(U : 

s 
0 1 
(0 : 

a CO 

>- j 
in 
3 o 
UJ 
at. 
ik 

« 
0 

1 
fl 
nt u ** u 
V 
a 

05 
a) 
00 

• 
0 

i 
T3 1 
1 

• 
in 

a 
(U 

1 
III-10 science fterviees division I 



1 

0 
0 

ü 
0 
0 
D 

U 
0 
i 
§ 
II 

c/> 

i2 
S3 

I 

ü. _ 

i i i i i i i i i i i i—i—i—i—i—i—i   i   i 
«HHaa*0-paa 

(qP) OllV« lVlllD3dS 

«»aaü'-Taa 

z 
UJ 
D 
o 

«asaa«=T="a 

£ 

v 
tn 

•i-i 
O 
2: 

I 1 
0 

ü 
S 
«4 

<—i 
fM 

h o 
*J 
4) 

6 c 
S 
in 

•H 
(1) 

to 

J 
m 
0 

• H 

ci 
u 
-w 
U 
V 
cu 
to 

<u 
00 
nt 
u 
v 
> 

1 
-o I 
■H 

1 

m-ii science services division 



£ 

i 

o 55 

>     I      I      I L_ 
»J8»a**TEI! 

( 

•    1 
I 
5 

I—I—J 1 1 I I—I l_ 

(qp) otiv« ivausds 

s 
<0 

CO 

i) 
to 

■■-< 

o 

3 

Ü s 
C 
(TJ 

M 

V •w 
4) 
& 
O 
& 
n 

••H 
0) 

CO 

M 
.0 

o 

I 
--< 
n) I 
u 
V 
IX 

CO 

V 

2 
I 
i 

i 

g 

h 

m-i2 science ««rvices division 

11 

H 
1 

fl 

D 
D 
D 
0 
0 
D 

0 

Ü 

0 

0 

Ü 

D 



1 
• 

D 

n 
o 
D 
o 

0 
[J 

D 
0 

Ü 

I 

i 

Ü. 

-J—i—i—i i '   '   ■   ■ 
TTO       snaaa J.i''illil TTTSI     anaaa---. TV V |     a n a ü a 

(qp) ouva ivaiHds 
a      % s a a a 

3 

I 
O 

u 

1 
fli 

l-H 

M 
b 
v # 
4) 

a 
o I 
(0 

•■H 
0) 

CO 

J 
g 
o 

«I i m 
u 
4) 
& 

W 

0) 

I 
i 
< 
l 
o 

I 

1 
oo 
i 

U I 

m-i3 science services division 



CO 

tu 
CO 

I 

a. _ 
o CM 
5 CO 

-I—I—I I I l_ 
tTn      a K: a a a »TTTH       Kaaaa' 

(<IF) OUV« IVViDSdS 

o 

en 
0) 
01 

O 
2 

3 

I o 
(^ 
u I 
ti 
n) 

fVJ 

U 
9) 

■u 

I 
O 

B 
m 

•H 
V 

CO 

u 
o 

ca 
o 

•H 

5 
| 
u 
4) 
(X 
w 
t) 
00 
nl 

I 
< 

I 
o 

■4-> 

I 
r-l 

u 
130 

in-i4 science services division 

0 
0 
n 

D 
0 
D 
0 
D 
0 
0 
0 
0 
0 
0 
0 
D 
0 
0 
0 



1 
0 
D 

D 
0 
a 
D 
0 
I 

0 

a 
0 
0 
0 
0 
J 

o 
if 

i 

I 

i 
(4 

<M 

V 

I 
0) 

OT 

0 

n 
O 

-I 5 
(4 

■u 
U 
V a. 

CO 

« 
00 
n> 
H 
V I 
I 
0 
*J 

I 
r-l 

> 

c 

1   ■   ■   ■   ■   ■ I 1—I—I        ( 1 1 I—I—t—I—II'' 
TtM SRSSU 

I I 1_J 1 ' '—I-   I     I     ' I '—l_J 1 ^ '     '     '     ' ■     I     ■ I I—I 1 1— 
TtTa      anaan «a««a----TTTn      « a • a a ' 

(qp) onv« iviiiDäds 
0) 
»4 

CO 

III-15 scU»nc« s«rvlc«s division 



3 

u. _ 

I« 

*#fcit***> 

f 

S 

>- 

t_l 1 I—1—i— «BBna»*""T»T^i 

im oiiva ivviDMs 

U_l—I—L_A- s a a u ' 

ni-16 

M 
u 
V 

I 
E 
03 

•rH 
V 
w 

in 
O 

•rt 

I—I 
fl) 

U 
0) 

to 
V 
00 
n) 
M 

i 
< 
o 
I .—• 
I 

5 

I 
00 

•r* 

il 
I 

Q 
Q 
0 
D 
fl 

D 
0 
0 
Q 
0 
Q 
0 
D 
D 
0 
0 



fVJ 

u 

UJ 
CO 

o (M 
2 cn 
(S> iii 1 n 

x n a a a ' TfTt»      asaso' 
_i i i i—i—i—i 

TJS      »Kiaaa» TTa       asaaa T T a 

(qp) ouva ivaiDaas 

0) 
(0 

o 
2: 

3 
A 

U 
1 
1 

u 
4) 

I O 1 I 
CO 

.0 

& 

ft 
u 
u 
I 
to 
4) 
60 

u I 
i 
o *) 
I 

l-l 

I 
1 
(M 

l 

M 
V 

I 
.2? 

m-i7 scianoe services division 



UJ 
to 

b- 
O (M 
i <0 
C3 III 
^ (rt 

1   ■   ■   ■ I t— 

o 

-I U_l 1_ ™l 1„_1 1 L_J 1_ I 1 1 1 1 1 1 l—l J L_        i 
Tt      a      Knaact1 —i—i—i t-j i™i i i 

T T  T a 

ro 

B 
OlJ 

t 
Z 

t 
O 

u s 
ti 
n) 
i-i 
M 

N 
t> 

■w 
V 
& 
o 
g 
n .^ 
v 

CO 

h 
O 

O 

s 
1-4 
4 
U 

■u 
U 

W 

m 

I 
I 
O 

CO 

B 

in-is 

0 

0 

I 

Q 
Q 

0 

[] 

sol«no« ••rvievs division 

D 

0 

0 

0 

0 

0 

0 

0 

Ü 

0 

0 



a 
G 

0 

0 

0 

a 
o 
D 

I I 

Ü 

D 

0 

CANADA 
Saskatrhewan 104" 

 \\-"' 

STRUCTURE CONTOURS ON PRiSENT OR RESTORED BASE OF COLORADO SHALE 

Figure 111-197   Subsurface Geology at LASA 

Q IT-19/20 soieno« ••rvlo*s division 



SECTION IV 

TIME VARIABILITY OF LASA NOISE FIELD 

To study the long-term time variability of the LASA noise field, 

spectral estimates for both the single seismometer and MCF outputs at each 

subarray were plotted as a function of time (Figures IV-1 through IV-21).    The 

spectra were converted to absolute units (db relative to 1 (mu)   /cps at 1 cps) 

using the fact that the noise data bad been equalized to 35 counts/mu at 1 cps 

on the basis of the nearest (in time) 1 cps calibration information.    The plots 

were confined to the 0- to 2-cps band because the main interest was in vhe 

microseismic peak.    Dashed lines join the peak values of the power spectra- 

solid lines join the average power levels.    The two lines are about parallel 

for each eubarray because of the peaked nature of the spectra. 

The maximum variation in the power levels was 8 to 10 db 

for each subarray over the 6-month period covered by the noise samples. 

Note that the microseismic "peak" was really two peaks —  one at 2. 0 cps 

and one at 0. 3 cpa — and that the maximum value of a spectrum occurred 

at 0. 2 cps for some noise samples and at 0. 3 cps for others. 

Figure IV-22 shows that the variations in average power from 

noise sample to noise sample were similar at all subarrays.    Noise samples 

5 and 8 had relatively high power levels,  while noise samples 9,   11, and 13 

were low.    The excellent agreement between subarrays was also indicated in 

Section III by the consistency of the spectral ratios at the microseismic peak; 

i.e., although the absolute level varied,  the relative levels between subarrays 

were consistent.    It is evident that a common mechanism generated most of 

the energy in the microseismic peak across the entire LASA.    This observa- 

tion is consistent with the theory that large storms at sea are the major source 

of low-frequency microseismic energy.      The far-source generation mechanism 

contrasts with the local generation of microseismic noise above 1. 5 cps as ob- 

served in Section III. 
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Above 1.5 cps,   tne time variability can be determined from 

Figures III-l to III-13.    As stated previously,   considerable variation from 

noise sample to noise sample existed at each subarray.    Figures IV-23 

through IV-25 illustrate the variation for three subarrays.    For all three, 

the ratios were similar at the microseismic peak.    Above 1,5 cps,  B2 

tended to be low; however,  noise samples 3,   9,   10,   11,   12,  and 13 had 

highs at some frequencies.    D2 tended to be high,  but noise samples 2,   3, 

and 13 were about average.    F4 was quite variable.    Thus,   most of the 

microseismic energy above 1.5 cps appeared to be nontime stationary. 

In summary,  noise levels varied by 8 to   10 db from noise 

sample to uoise sample at the microseismic peak; but the variation was 

observed across LASA,  implying a common noise source for most of the 

energy between 0.2 and 0.3 cps.    The relative levels were also consistent, 

with subarrays E4,   F3,  and F4 lower than average and B2,   C3,  and C4 

higher.    Between the microseismic peak and 1.5 cps,  noise levels varied 

both from subarray to subarray and from noise sample to noise sample 

though part of the noise in this range was high velocity.    A possible ex- 

planation for the variation is the variation in noise-source location as 
2 

indicated by the wavenumber analysis.      Above 1. 5 cps,  the noise was 

nontime stationary and appeared to b    locally generated (i. e.,  in the 

vicinity of a given subarray). 
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